The main chemical constituents of agarwood are sesquiterpenes and chromones, which can be divided into different categories depending on their molecular skeletons. Agarwoods are obtained from different plant species: Aquilaria sinensis, A. malaccensis, A. crassna, and A. subintegra. In this review, we systematically summarized the structures of 367 compounds isolated from agarwoods originating from four main species. We structurally classified all the components into 11 different types and summarized the number of compounds in each type. Different and identical components were obtained by enumerating the chemical compositions of the different species. Knowledge regarding the chemical constituents of agarwoods of different species will aid understanding of the chemical compositions of agarwoods and will subsequently identify similar compounds that can serve as standards for quality control to provide a reference for future studies on agarwoods from different species and to increase their usefulness.
Introduction
Agarwood is a resinous portion of Aquilaria trees, a genus belonging to the family Thymelaeaceae. Agarwoods have wide uses in traditional medicine, for example, as aphrodisiacs, sedatives, cardiotonics, and carminatives, as well as in the relief of gastric problems, coughs, rheumatism, and high fever. 1 In addition, agarwoods are present in important spices and are also used as incense. Agarwood is known as 'chenxiang' in Chinese and 'aloeswood', 'agalloch', 'eaglewood', 'jinkoh', 'gaharu', and 'kanankoh' in other parts of the world.
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Approximately 15 species of Aquilaria are well known for their production of fragrant heartwood, also known as gaharu, aloeswood or agarwood. Wounding of the tree appears to be essential for the initiation of gaharu production, and fungal infection is likely to enhance the process. According to Eurlings et al., 3 the following nine Aquilaria species produce gaharu: A. beccariana, A. crassna, A. laria (Oken), A. hirta, A. khasiana, A. malaccensis, A. microcarpa, A. rostrata and A. sinensis; these are mainly sourced from India, Southeast Asia, Papua New Guinea, and China (chiey in Hainan and Guangdong). 3 As stated in reports, sesquiterpenoids and phenylethyl chromone derivatives are the principal compounds in the oleoresin of agarwood, which are mostly found in the species Aquilaria, A. malaccensis, A. agallocha, A. sinensis, and A. crassna. 1, 4 In 2016, a review of agarwood noted A. agallocha Roxb. (endemic in India), of which the species name is unresolved (Table 1) . 5 The index of CITES species, 6 Missouri Botanical Garden website, 7 and the Ayurvedic and Unani Pharmacopoeias all list A. agallocha Roxb. as a synonym of A. malaccensis Lam. Since then, there have been other reports on this species. [8] [9] [10] Therefore, this article will incorporate all the chemical constituents reviewed in A. agallocha into A. malaccensis. Other genera of the family Thymelaeaceae, such as Aetoxylon, Gyrinops, Phaleria, and Gonystylus, have also been reported to produce agarwoods.
3 It has been reported that different countries have endemic species; for example, A. crassna principally grows in Indochina, A. malaccensis is an Indomalesian type found in Malaysia, Thailand and India, and A. sinensis is endemic in China. A. subintegra is principally found in Thailand. 8 All nine of the known Aquilaria species can produce agarwood; however, it is not known which species are most productive. Studies have shown that specic species produce specic chemical components which are quite different from one another. 11 Assessing the similarities and differences between these components is a good way to identify species, determine their quality and classify specic species.
Sesquiterpenes in A. sinensis
The sesquiterpenoids of agarwood are mainly derived from agarwood oil. Early publications on agarwood essential oils reect the fact that the agarwood resin components are separated by solvent extraction, followed by column chromatography for purication and structural analysis using spectroscopy, including NMR. For example, Yang et al. 12, 21, 27 and Xu et al. 17 isolated sesquiterpenes F1-F2, F7-F9, F11, S1-S3, and G14 from A. sinensis. Yang and coworkers 64 isolated G19, G23, O12-O13, and O16 from ethanol and petrol ether extracts of A. sinensis and later found two new sesquiterpenes, G27 and O2.
Later articles focused on the use of "combination" techniques to detect and identify compounds. For example, Mei et al., 13, 42 Tian et al., 36 Deng et al., 43 Chen et al., 2 and Miao et al. 63 detected F3, F5, S10, E1, E9-E11, E15-E22, E24-E28, P1, P3, P6, P8, P13, P15-P16, G13-G14, G16-G18, G21, G26, G30-G34, O1, O5, O7, O10-O11, O17, O20, and O19-O23 from essential oils of A. sinensis by GC/MS. Lin et al. investigated agarwood obtained from fungus-infected Aquilaria at different times by GC-MS and showed the presence of S1, S3, P5, G29-G30, O5, and O18-O19. 28 GC-MS combined with multivariate data analysis was used to construct chemical proles of natural and articial agarwoods. The chemical composition of agarwood oil was also studied. Agarwood essential oils are produced by steam distillation or the latest supercritical uid extraction techniques.
With the development of separation technology, increasing numbers of publications are reporting the separation of sesquiterpenoids from extracts of agarwood resin. The purpose of these studies is to isolate and purify compounds from agarwood, to explore the pharmacological activities of these compounds, and to guide the selection of quality indicators and clinical medication. 'Qi-Nan' is regarded to have the highest quality and is therefore the most expensive agarwood in the market; Yang and coworkers 26, 37, 57 performed studies on 'QiNan' originating from A. sinensis and characterized some new sesquiterpenes, including F15, P18, P19, P27, G40-G44, G14, G48, G49, S13, and S12, from the Et 2 O extract of agarwood. From the ethanolic (EtOH) extract of agarwood induced by articial holing, Li et al. 38, 49 isolated and identied two new guaiane-type sesquiterpenoids (G46, G47) and eleven eudesmane-type sesquiterpenoids (E34-E44) together with some known sesquiterpenoids, S12, O24, P3, P8, P19, P26, and P27. Kuang and coworkers 48 were also interested in agarwood induced by articial holing; they researched the chemical constituents of the n-butanol fraction of an EtOH extract and thereby obtained one new sesquiterpene, E33. Huo et al. 23 obtained nine new sesquiterpenes together with seventeen known ones (E29, E31, E35, E37, E38, E40, E47-E54, F11, P24-P27, P29, P30, O28, S3, S9, and S14) from a 95% EtOH extract of resinous wood. Zhao et al. 32 isolated sesquiterpenoids G50-G53, S3, E39, and E45 from the 95% EtOH extract of eaglewood of A. sinensis. Additionally, four sesquiterpenes, E31, P1, P19, and P28, were isolated from the resinous wood of A. sinensis in 2018. A. malaccensis is found in Malaysia, Thailand and India and is currently the most widely distributed species. 8 The researchers who study this variety are also widely geographically distributed, including Japan, Switzerland, and China. In 1963, Maheshwari and Jain 15, 20, 41 isolated and identied F1-F3, F6-F7, F14, and E13 from A. agallocha. From 1992 to 1995, Näf and coworkers found 21 new sesquiterpenes, including agarofurans (F4, F10, and F12-F14), agarospiranes (S5-S8), ve eudesmanes (E1, E9-E12), and seven eremophilanes (P4-P10 and P12).
19,24,25 Ishihara, T. Tsuneya and coworkers found seven eudesmane-type sesquiterpenes (E2-E8) and 12 guaiane-type sesquiterpenes (G1-G12, S3, P1, and P3). 34, 39, 55 The rst agarospirane-type sesquiterpene, S1, 29, 45 was found in 1964; later, S9 was obtained from the 70% ethanol extract of Vietnamese agarwood. 35 Later, two candinane-type sesquiterpenes, C1 and C2, 62 were found. In 2009, Bhuiyan extracted E26 and G35 (among others) from naturally formed agarwood of A. agallocha as well as from agarwood formed through manual stimulation. 45 From 1980 to 1983, Nakanishi 30, 31 discovered three new sesquiterpene alcohols from an agarwood (most likely A. malaccensis), named jinkoh-eremol (P6), jinkohol (R1) and jinkohol II(R2), together with S1 and P8, the major sesquiterpene constituents; their structures have all been established. Wu and coworkers 33,50 discovered four new sesquiterpenoids, P27, P31, P32, and E40, together with the four known sesquiterpenoids E55, E45, P3, and S3, all of which were isolated from a 70% MeOH extract of A. malaccensis agarwood chips. Ma 
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Sesquiterpenes in A. crassna and A. subintegra
There are currently few studies on A. crassna and A. subintegra.
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In 2001, Pripdeevech and coworkers analyzed the diversity of compounds in A. malaccensis, A. crassna, and A. subintegra by GC-MS and GC-O. The study suggested that these species share sesquiterpenes F3, F15, S3, S11, E2, E3, E6, E18, P3, P7, G1, G3, G4, G25, O14, and O15.
16 E24 and G22 were found in the supercritical carbon dioxide extraction of A. crassna. 44 Pornpunyapat, Chetpattananondh and Tongurai, assessed the extraction conditions of essential oils obtained from A. crassna and detected P13-P14, P17, G20, G28, G36, and O3-O6. 54 Wang et al. 46 isolated and identied the sesquiterpenoids C3, P19, E2 and E29 from the ethyl acetate (EtOAc) extract of agarwood originating from A. crassna. The following year, Kang and Dai et al. 47 separated the sesquiterpenes P22-P25 and E30-E32 from a 95% EtOH extract of agarwood from A. crassna.
Chromone derivatives in agarwoods
Chromone derivatives are other major constituents of agarwoods. They have been obtained from only a few plant species, including Eremophila georgei, Bothriochloa ischaemum (Gramineae), and agarwoods originating from Aquilaria spp. (Thymelaeaceae). 2-(2-Phenylethyl)chromone derivatives are the characteristic components of agarwoods, and more than 40 such derivatives have been found in agarwoods belonging to different species. Depending on the molecular skeleton, chromones can be divided into 2-(2-phenylethyl)chromones, 5,6,7,8-tetrahydro-2-(2-phenylethyl)chromones, diepoxy-tetrahydro-2-(2-phenylethyl)chromones, and associated chromones (shown in Scheme 2). As shown in Table 3 , the variation of chromones in different species is striking. Regarding the study of chromones, most researchers use agarwood extracts, usually ethanol (EtOH) extracts, to extract and separate the monomers. The structures of the compounds are determined by a series of assays, including LC/MS, and nuclear magnetic resonance.
Chromones in A. sinensis
Approximately 130 chromone derivatives have been obtained from A. sinensis, comprising 22 forms of 2-(2-phenylethyl)chromones, six 5,6,7,8-tetrahydro-2-(2-phenylethyl)chromones, and three diepoxy-tetrahydro-2-(2-phenylethyl)chromones.
Yang et al. obtained 1-6 from an EtOH extract of A. sinensis, which belong to the group of 2-(2-phenylethyl)chromones; 65 they later extracted 7-9 from an EtOAc-EtOH extract. 66 In addition, 10-12 were isolated by Liu et al. Subsequently, through LC-MS-guided separation and purica-tion, they obtained sixteen new 2-(2-phenylethyl)chromone dimers, including four pairs of enantiomers, along with eight optically pure analogues (151-162). 85 Wang et al. 51 isolated compounds 54-57, which belong to the group of 2-(2-phenylethyl)chromone derivatives, from resinous wood, together with ve known compounds, 1, 6, 9, 29, and 58, from a MeOH extract. 
Chromones in

Chromones in A. crassna
There are few reports on chromones in A. crassna. Diepoxytetrahydro-2-(2-phenylethyl) chromones 110-112 were obtained from A. crassna. 72 Yang et al. 
Discussion
Among the 367 new main chemical constituents from agarwoods that were statistically assessed in this paper, chromone derivatives and sesquiterpenes accounted for 44.14% and 55.86%, respectively, of the total constituents. It can be seen in Fig. 1(a) that the largest numbers of sesquiterpenes in agarwood are eudesmanes, guaianes and eremophilanes. Fig. 1(b) reects the number of different chromones in agarwood, where 2-(2-phenylethyl)chromones are currently the most commonly isolated types.
From the statistical results (shown in Fig. 2 ), researchers are currently mainly engaged in the study of the chemical constituents of agarwood originating from A. sinensis, A. malaccensis, and A. crassna, respectively, of which most of the new compounds were isolated from A. sinensis. It can be seen that resources are important prerequisites for the study of agarwood; thus, there are many studies on species with relatively abundant resources, such as A. sinensis, A. malaccensis, and A. crassna. Of course, this is also closely related to geographical distribution. Agarwoods originating from different Aquilaria plants contain some common compounds as well as some different compounds. Among different species of agarwood, the chemical compositions are quite different. Therefore, it is necessary to indicate the species from which the used agarwood is derived. However, during the writing process, we found that many articles on the separation of compounds from agarwood did not indicate which species of the genus Aquilaria the agarwood was derived from. Therefore, we encourage researchers studying agarwood to indicate more information about the origin and tree species to clarify the source of the material.
According to the data, the number of sesquiterpenes isolated from agarwood has thus far been higher than the number of chromones, and the proportion of articles is also the same. In the past 10 years, the number of articles on chromones has increased rapidly. The study of the chemical constituents of agarwood from sesquiterpenes to chromone derivatives shows that increasing numbers of researchers are beginning to focus on revealing the main components of agaric pharmacologically active substances rather than only fragrance components. Therefore, we can see that research on the separation and activity of chromone derivatives still has broad research prospects.
By summarizing and comparing the chemical compositions of different tree species, we can provide more research ideas. The same components can be used as standards for quality assessment, with reliable and stable characteristics, and different components can guide the selection of high quality agarwood species. By reviewing the chemical compositions of agarwoods from the four species, we believe that the following characteristics should be considered when selecting quality control standards. Due to the complex composition of agarwood, sesquiterpenes and chromone derivatives should be considered rst, especially chromones, mainly because they are characteristic components of agarwood, and chromone derivatives are easier to separate and preserve. Due to the extremely complex sources and types of agarwood, researchers in different countries should fully consider the common chemical composition when selecting control indicators and formulating quality testing methods to improve the scope and scienticity of the testing methods, such as F2 and F3. Of course, even with the limited amounts of research on individual species, it is possible to exibly select components, such as chromone 1.
Conclusion
Agarwood, which is expensive and widely used, is derived from the resin-containing wood of Aquilaria species trees. The chemical components of agarwood are diverse and complex; 367 new chemical constituents from agarwood were statistically assessed in this paper. This review summarizes the main molecular skeletons of agarwood compounds, revealing the differences in the chemical compositions of agarwood originating from different Aquilaria species. This will help researchers to better understand research on agarwood and select more suitable detection indicators.
With the continuous exploration and efforts made by scientists in recent years, the understanding of the chemical compositions of agarwood from different sources is continuously improving, and some specic chemical compositions may become identication indices and judgement standards of agarwood samples from different sources. In the future, we expect to see more research on the chemical components of agarwood from different species in order to help identify characteristic compounds of agarwood, establish a stable, effective, comprehensive, and reliable quality evaluation system, and consequently elucidate which species best produce agarwood.
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